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Introduction
In RAN1#88b, the views of multiple companies on beam management were nicely summarized in [1]. The following list of topics was identified.
1. Use of SS Blocks for beam management
2. RS for beam measurement
3. Beam indication and QCL aspects (CSI-RS with other RSs and DL channels)
4. Grouping of beams
5. UL beam management
6. DL and UL association under beam correspondence
In this paper, we focus on Topic 3. Other topics are covered in different contributions ([2]–[6]).
[bookmark: _Ref178064866]Discussion
BPL Definition
In prior meetings, there has been discussion on the establishment and maintenance of multiple beam pair links (BPLs). One purpose is for achieving PDCCH robustness, whereby the gNB can transmit PDCCH on multiple beam pair links simultaneously or in TDM fashion (Agreement #1 in the Appendix below). While there have been agreements made that include the term BPL, the term itself has not been formally defined. In the last meeting, a proposal was made in a WF as follows [2]:
A BPL is defined by a UE or gNB measurement (e.g. RSRP/CSI) on a reference signal (e.g. CSI-RS, SS, SRS) transmitted/received according to a TX/RX spatial filtering configuration
Here we propose to extend the definition to capture the notion that a BPL may not always be associated with an explicit measurement report. For example, during the RACH procedure, a UE makes RSRP measurements on one or more beamformed SS blocks. Based on the SS block with the largest RSRP, the UE transmits a RACH preamble that has a fixed association to the preferred SS block. When the gNB detects the preamble, it knows through the fixed association which SS block the UE preferred. The gNB then transmits the random access response (RAR) in the same beam direction as the preferred SS block. If the UE can assume that SS and RAR are spatially QCL, then this information can be used to aid UE-side beamforming in the reception of the RAR. Once the RAR is received, a coarse/initial BPL has been established between the gNB and UE based on a measurement (SS-RSRP), but without an explicit measurement report. In this case, the UE makes an implicit report in the form of a RACH preamble that refers to a particular SS block.
An example of the establishment of a BPL based on explicit reporting is during a P2 or joint P2/P3 beam management procedure where the gNB configures the UE to measure on a number of beamformed CSI-RS resources. The UE feeds back either an RSRP or CSI report including a CRI to indicate the preferred CSI-RS resource. During the measurement process, the UE may or may not refine its Rx beam. Either way, a BPL is established, and it is associated with a measurement and an explicit report.
Based on this extension we propose the following BPL definition: 
[bookmark: _Ref481697544][bookmark: _Toc481700180][bookmark: _Toc481700777]A BPL is defined by a UE or gNB measurement (e.g. RSRP/CSI) on a reference signal (e.g. CSI-RS, SS, SRS) transmitted/received according to a TX/RX spatial filtering configuration. A BPL may be associated with an explicit measurement report or an implicit one.
In our view, BPL is a useful construct, at least for discussion purposes. Whether or not the term appears in specifications can be further discussed.
Beam Related Indication
As can be seen from Agreement #2 below, it has been agreed to support indication of QCL between the antenna ports of two CSI-RS resources. A natural use case for this is beam management. For example, when triggering an aperiodic CSI-RS beam sweep and associated aperiodic CSI report containing CRI, the triggering DCI may contain a reference to a previously transmitted CSI-RS resource so that the UE may utilize this information to tune its RX beam.
A problem is then how to refer to a previously transmitted CSI-RS resource. In Agreement #3 below the goal is to aim for a low-overhead indication approach since the indication may be carried by DCI. One identified option for further study in the agreement is a BPL tag. Here we discuss the case where a BPL tag serves as a reference to a previous measurement on a CSI-RS resource. However, as in the BPL definition in Proposal 1, it should be understood that BPL tags can refer to measurements and reports (implicit or explicit) based on other reference signals as well, e.g., SS, SRS, etc.
One option for realizing a BPL tag could be through an identifier, e.g., a timestamp in terms of radio frame #, slot #, and OFDM symbol number that can be used to uniquely identify the CSI-RS resource. However, such unique resource identification can consume a large amount of overhead. Clearly this is undesirable considering the overhead constraints of DCI. Another approach could be that a CSI-RS resource is always associated with a unique Tx beam in the network, and the beam-related indication to the UE uses that beam number. However, the number of beams could be a very large number, again leading to an overhead problem.
Rather than relying on absolute timestamps or fixed beam numbers, an alternative approach is to define a relative CSI-RS resource indicator – or proxy – as the BPL tag. Since the number of maintained BPLs could be quite small, the proxy indicator could have quite low overhead, e.g., 2 bits, allowing for the maintenance of up to 4 BPLs.
As stated in Proposal 1, a BPL is defined by a measurement on an RS transmitted/received according to a TX/RX spatial filtering configuration, e.g., Tx and Rx beam. However, it is important to realize that all that is necessary to make use of BPL tags is for the gNB to remember the Tx spatial filtering configuration (Tx beam) it used when transmitting the CSI-RS resource indicated by the UE measurement report, and for the UE to remember the Rx spatial configuration (Rx beam) it used corresponding to same CSI-RS resource. In this way, in the future, if a BPL tag is signalled to the UE along with a DL signal transmission (e.g., PDSCH or CSI-RS), the UE can retrieve the Rx configuration that it used to receive the previously transmitted CSI-RS resource from its memory. This indication assists with UE-side beamforming to effectively receive the DL signal transmission. No absolute beam indices are required.
One important use case for BPL tags is during the update (refinement) of a particular BPL, say the one with Tag #b. As already discussed, the BPL with Tag #b is associated with a CSI-RS resource on which the UE previously measured. The BPL can be updated, for example with the P2 procedure. In this case, the gNB can trigger the UE to measure and report on an aperiodic CSI-RS beam sweep. The DCI message carrying the measurement and reporting trigger, should also include the BPL tag #b. With this indication, the UE can look-up from memory what Rx configuration (Rx beam) is currently associated with Tag #b, and it is free to use this information to tune its Rx beam to assist in receiving the transmitted CSI-RS resources. As mentioned previously, to support up to 4 BPLs (), only 2 bits are needed in the DCI message which uniquely indicates the previously transmitted CSI-RS resource.
The associated aperiodic CSI report will indicate a preferred CSI-RS resource through a CRI. The CSI-RS resource corresponding to this CRI is now the new, updated, CSI-RS associated with tag #b. The gNB stores the Tx configuration (Tx beam) associated with tag #b in memory for future use. This could be used, for example, to ensure that a future aperiodic CSI-RS beam sweep includes the “old” Tx beam to be used as a reference against which the UE will compare potential new Tx beams.
Alternatively, the BPL with tag #b can be updated with a P3 procedure. In this case, the gNB can trigger the UE to measure and report on a number of CSI-RS resources for which the Tx configuration (Tx beam) is held fixed. The fixed Tx beam is the one already associated with tag #b. Again, the DCI message carrying the measurement trigger should include the BPL tag #b. However, the UE also needs to be informed that it should assume that the currently transmitted CSI-RS resources are not spatially QCL at the UE RX with the previously transmitted CSI-RS resource associated with tag #b. This could be done through a separate (1 bit) flag to inform the UE whether or not this is a P3 beam sweep. It is FFS whether this flag should be signalled to the UE dynamically or configured through higher layers, e.g., within the CSI framework previously agreed. Either way, when the flag is set to FALSE, the UE should not use the Rx configuration (Rx beam) that it used to receive the previous CSI-RS resource, since the purpose of the P3 beam sweep is for the UE to try new Rx beams, not hold its Rx beam fixed. Once the preferred Rx beam is found, the UE should remember the associated Rx configuration and associate this with tag #b.  Since the Tx configuration (Tx beam) remains fixed, there is no need to associate a new CSI-RS with tag #b, nor is there a need for the UE to report CRI. However, the gNB can still configure the UE to report other CSI components (CQI, PMI, RI) to support link adaptation. 
[bookmark: _Toc481598489][bookmark: _Toc481598529][bookmark: _Toc481598582][bookmark: _Toc481598799][bookmark: _Toc481598827][bookmark: _Toc481700181][bookmark: _Toc481700778]Support the dynamic indication in DCI of  spatial QCL assumptions between CSI-RS resources when triggering a CSI-RS measurement for beam management.  The dynamic indication can be in the form of a [2] bit BPL tag.
This proposal supports beam management procedures to establish and maintain multiple BPLs between the gNB and a UE. By triggering multiple beam sweeps with different BPL tags, the reported measurements for each BPL allows the gNB to associate a UE-preferred gNB Tx beam for each BPL tag and allows the UE to associate a preferred UE Rx beam for each BPL tag. 
In parallel to the procedures for establishing and maintaining multiple BPLs, the UE can configured with at least one BPL for PDCCH monitoring. The BPL the UE shall use for receiving PDCCH is configured by indicating the associated BPL tag, e.g., through higher layer signalling. Alternatively, it could be written into the specifications that in the case of PDCCH monitoring of only a single BPL, that Tag 0 is always used. According to Agreement #2 below, M BPLs can be configured for PDCCH monitoring, either simultaneously or in a TDM fashion. In this case, the UE should be configured with M tags.

[bookmark: _Toc478066237][bookmark: _Toc478069105][bookmark: _Toc478069120][bookmark: _Toc478069447][bookmark: _Toc478126870][bookmark: _Toc478126928][bookmark: _Toc481700182][bookmark: _Toc481700779]A UE can be configured to monitor NR-PDCCH on M beam pair links, where each beam pair link is indicated by a [2] bit BPL tag.
Another use case for BPL tags is for data transmission, e.g., different PDSCHs from different TRPs, e.g., non-coherent JT or D-MIMO where different BPLs potentially carry different PDSCHs. Including a BPL tag with the scheduling DCI assists the UE-side beamforming for receiving the corresponding PDSCH.

[bookmark: _Toc478126871][bookmark: _Toc478126929][bookmark: _Toc481700183][bookmark: _Toc481700780][bookmark: _Toc478066238][bookmark: _Toc478069106][bookmark: _Toc478069121][bookmark: _Toc478069448]In a PDSCH transmission, the associated DCI contains a [2] bit BPL tag that indicates that the DMRS for PDSCH is spatially QCL with the previously transmitted CSI-RS resource associated with the BPL tag. 
One can see from the above that beam management consists of three rather independent processes (1) the establishment and maintenance of multiple BPLs, each identified with a [2] bit BPL tag, (2) the BPL(s) to use for the control channel, and (3) the BPL(s) used for data channel. While we claim independence, clearly, however, when a BPL TX and RX beam is updated in the measurement process, it reflects the beams that can be used for the control channels and the data channels that use the BPL as well.

Conclusions
Based on the discussion in this contribution we propose the following:
Proposal 1	A BPL is defined by a UE or gNB measurement (e.g. RSRP/CSI) on a reference signal (e.g. CSI-RS, SS, SRS) transmitted/received according to a TX/RX spatial filtering configuration. A BPL may be associated with an explicit measurement report or an implicit one.
Proposal 2	Support the dynamic indication in DCI of  spatial QCL assumptions between CSI-RS resources when triggering a CSI-RS measurement for beam management.  The dynamic indication can be in the form of a [2] bit BPL tag.
Proposal 3	A UE can be configured to monitor NR-PDCCH on M beam pair links, where each beam pair link is indicated by a [2] bit BPL tag.
Proposal 4	In a PDSCH transmission, the associated DCI contains a [2] bit BPL tag that indicates that the DMRS for PDSCH is spatially QCL with the previously transmitted CSI-RS resource associated with the BPL tag.
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Appendix: Agreements from Prior Meetings
Agreement 1:
· NR-PDCCH transmission supports robustness against beam pair link blocking
· UE can be configured to monitor NR-PDCCH on M beam pair links simultaneously, where
· M≥1. Maximum value of M may depend at least on UE capability.
· FFS: UE may choose at least one beam out of M for NR-PDCCH reception
· UE can be configured to monitor NR-PDCCH on different beam pair link(s) in different NR-PDCCH OFDM symbols
· FFS: NR-PDCCH on one beam pair link is monitored with shorter duty cycle than other beam pair link(s). 
· FFS: time granularity of configuration, e.g. slot level configuration, symbol level configuration
· FFS: Note that this configuration applies to scenario where UE may not have multiple RF chains
· FFS: The definition of monitoring NR-PDCCH on beam pair link(s).
· Parameters related to UE Rx beam setting for monitoring NR-PDCCH on multiple beam pair links are configured by higher layer signaling or MAC CE and/or considered in the search space design
· FFS: Required parameters
· FFS: Need to support both higher layer signaling and MAC CE
Agreement 2:
· Indication of QCL between the antenna ports of two CSI-RS resources is supported.
· By default, no QCL should be assumed between antenna ports of two CSI-RS resources.
· Partial QCL parameters (e.g., only spatial QCL parameter at UE side) should be considered. 
· For downlink, NR supports CSI-RS reception with and without beam-related indication,
· When beam-related indication is provided, information pertaining to UE-side beamforming/receiving procedure used for CSI-RS-based measurement can be indicated through QCL to UE
· QCL information includes spatial parameter(s) for UE side reception of CSI-RS ports
· FFS: information other than QCL
Agreement 3:
· Aim for low-overhead indication for spatial QCL assumption to assist UE-side beamforming/receiving
· FFS details (e.g., tag-based where the tag refers to previous CSI-RS resources, BPL-based, referring to previous measurement reports, indication one resource (set) out of multiple resource (set)s configured by RRC, CSI-RS resource/port index based, etc.)
Agreement 4:
· For reception of unicast DL data channel, support indication of spatial QCL assumption between DL RS antenna port(s) and DMRS antenna port(s) of DL data channel: Information indicating the RS antenna port(s) is indicated via DCI (downlink grants)
· The information indicates the RS antenna port(s) which is QCL-ed with DMRS antenna port(s) 
· FFS: Indication details
· E.g. explicit indication of RS port/resource ID, or implicitly derived 
· FFS when the indication is applied (e.g., the indication is assumed only for the scheduled PDSCH or until next indication; when the above information is included, if there should be a scheduling/beam switch offset, etc.)
· FFS: Beam indication for receiving fall back unicast PDSCH (if supported)
· Note: related signalling is UE-specific
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